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(54) Process of recycling waste polymeric material 



(57) A orccess tor recycling waste polymeric mate- 
rial (15), the process comprising the steps of: a) chop- 
ping (20 ) a mixture cf waste polymeric material wherein 
the waste polymeric material has about 0-40% aiipnatic 
poiyamtde material: b) granulating the chopped mixture 
into fragments that are an order of magnitude smaller 
than the original size of the waste oolymeric material: c) 
densifying (41) the granulated mixture into oelletized 
material (42); d) extrucing (50) the peiletizaa material; 



and e) forming |6i ) the extruded material '.50) to crovide 
an article of manufacture (65, 70. 9C). The densifymg 
steD preferably comcrises densifying the granulated 
material to a peitetized material (42i having a size ap- 
proximately 1 00 times smaller than :he size of *ne waste 
polymeric material {I5j Extrusion preferably r akss 
place at a temperature oi less than 204 3 C and ! ess than 
the temperature at wnich the major portion of the poly- 
meric waste material decomposes 
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Description 

The present invention relates to recycling and re- 
claiming waste polymeric material, and terming an arti- 
cle therefrom, and more particularly f ormmg a floor cov- 
ering utilizing the recycled and reclaimed waste ooly- 
meric material 

There has been an increased interest in recycling, 
reclaiming and reutilizing waste and scrap material, and 
particularly waste thermoplastic polymeric material from 
a variety of sources The recycling of most mixtures of 
Thermoplastic scrap material is limited by the incompat- 
ibility of the various different kinds of thermoolastic ma- 
terial present in the scrap. For example, the various ther- 
moplastic resins are often insoluble in each other result- 
ing in a heterogeneous mixture -n wnicn eacn type of 
resin forms a dispersed phase in the other This often 
adversely affects the mechanical properties (e.g. tensile 
and impact strength) and aesthetic properties of any ar- 
ticles formed from such a mixture 

One suggestion to overcome this problem is to sort 
the scrap material based on the specific thermoplastic 
material present. Such sorting, however, is often im- 
practical from both a technical and economic stand- 
point. Thus, various other solutions have been proposed 
with respect to recycling waste polymeric material. For 
example. U.S. Patent No 4,250,222 to Mavel et ai. pro- 
poses coarseiy grinding a mixture of two or more mutu- 
ally incompatible thermoplastic resins, ■ncorporating in- 
to the coarsely ground thermoplastic resin mixture, 
tnrcugn the acohcation of heat ana pressure, from aocut 
5 to about 25 parts of weight of a fiorous material, and 
forming tne resm/iber mass nto an arc e 

U.S. °atent No. 4,963,462 :o Levasseur proposes 
shredemg or granulating poiymeric waste, drying the 
material to a water content of not mere than 3% by 
weight, preheating the material to a temperature of 30 3 C 
to ISO'C. Kneading at a temperature of 120°C to250*C 
and injection molding or extruding the material to form 
a product such as a fence post. 

Processes 'or recycling fleer covering have also 
been desired nasmuch as a particularly large amount 
of scrap material is generated during the manufacture 
of fleer covering. z or example, in the manufacture of 
tufted caroet, the tufted carpet may have nylon pile se- 
cured m a onmary backing of a woven pclyprooylene 
faoric wmch has a secondary vinyl plastic backing. The 
pile, the primary backing and secondary backing are 
tyo-caly aach a thermoplastic havirg different charac- 
teristics 

Specific to recye'ing carpet, U 3 patent No 
4 029,159 to Morris proooses a orccess for -eclaimmg 
se'vedge formed during manufacturing. The orccess 
comprises heanng the se^edge m a;r to a temoerature 
aoove ihc meiting oomls of Ihe resins to meit and de- 
grade the 'esins separating melted resin from solid -es- 
:duc to reclaim meltable resin 'rem the selvedge and 
■jtiii/mg ;nc reclaimed resins as a suostitutc for at least 



a portion of the nigh molecular wcigrt resins m an Ad- 
hesive mixture in subsequent carpet production 

U S Patent No 4 153.645 *o BennowsKi et al pro- 
poses applying a shearing fcrcc (c g using a Banbury 
s mixer) to tear the fabric fibers into lengths no greater 
than about 5 mm '0 25 inch) This 'orms a mixture of 
thermcptastic-resm and shon lengths of faoric fibers 
The resulting mixture is subjected to heat and pressure, 
such as by a drop mill and thus banded After the mixture 
10 is banded, it can be calendered onto a web of fabric to 
form a finished reinforced sheet or extruded into various 
continuous forms such as sheets or strips The process 
is described as being particularly useful as applied to 
scrap polyvinyl chloride sheet material reinforced witn 
ts cotton fabric 

These processes of recycling or reclaiming scrap 
material, however are not entirely successful ana have 
not found widespread usage because of economic m- 
feasibility and limitations on the types of article wnich 
20 can ce made. Thus, t is among tne objects of the inven- 
tion to proviae an improved process of recycling, re- 
claiming and reutilizing scrap material and particularly 
thermoplastic scrap material from :ne manufacture of 
floor covering or :he subsequent removal of the floor 
25 covering after installation. 

It is another object of the oresent invention to pro- 
vide a new floor covering using the recycled anc re- 
claimed scrap material. 

These arc other objects arc advantages or the 
30 present invention are accomplished by a process for re- 
cycling waste ooiymenc matenai comprising a mixture 
of waste poiymeric material wherein :ne waste oolymer- 
:c material may include from about 0 to 40 percent 
atipharc polyamide material; granulating the chopped 
35 mixture into fragments at least an order cl magnitude 
smaller than the size of the waste oclymenc material: 
densifying the granulated enepped mixture into frag- 
ments or pellets approximately 100 times smaller than 
the size of the waste polymeric material tne 'ragments 
jo having a more uniform and solid consistency, and ex- 
truding the densified granulated mixture at a temoera- 
ture ot less than the temperature at which the vmyi mon- 
omer and copolymer components of '.he waste material 
decomoose The process of the oresent invention can 
J 5 be used to ma*9 various articles of manufacture 

A floor covering is aiso provtdec The floor covering 
comprises a caroet navmg textile ; :bers defining a *i- 
brous upoer r ace and a primary bacKing to wntcn the 
textile fibers are secured anc a secondary oack:ng oer- 
50 manently adhered to the 'ower surface of the primary 
backing, the secondary backing comprising a matrix 
formed oy granulating a coarseiy cnoppod mixture of 
waste pclvmer material mciudmgO to -0 oerceni aliphat- 
ic polyamide materai. densifying ne gr^nuiated 
$5 chepoed mixture ;nto fragments navng a mere uniform 
ard solid consistency extrucirg no dcrs;f;cc grin unit- 
ed mixture at a temperature oi less :nan the tcmpc. r ?iiure 
at whicn Ihc ; argcst oorticr ci vinyi -ncromor ^rc cccoi- 



2 



3 



EP 0 891 848 A2 



4. 



ymer components of the waste material decompose and 
calendering the extruded granulated material to provide 
the secondary backing layer for a carpet 

Sonne cf trie objects and advantages of the inven- 
tion having oeen stated, other objects will be apparent 
from the following description of a preferred process ac- 
cording to the invention wmcn is described with refer- 
ence to the accompanying drawings in which: 

Figure 1 is a diagrammatic view of the process m 
accordance with the present invention 

Figure 2 is an enlarged cross-sectional view of a 
floor covering m accordance with the present invention 

Figure 3 is an enlarged cross-secticnal view of an 
alternate embodiment of a floor covering in accordance 
with the present invention 

Whiie ;ne present invention will be describee mere 
fully hereinafter with reference to the accomoanying 
drawings in wnich particular embodiments cf the inven- 
tion are shown, it is to be understood at the outset that 
persons of skill in the appropriate arts may modify the 
invention here described while still achieving the 'avo- 
rable results of this invention. Accordingly, the descrio- 
tion which follows is to oe understood as being a broad 
teacning disclosure directed to persons of skill m the ap- 
preciate arts, and not as limiting upon the present in- 
vention. 

A preferred form of the process >s illustrated in Fig- 
ure ■ wherein waste polymeric material (scrap) 1 5, such 
as earoet remnants or carpet Tiles, is delivered to a chop- 
per 20 The waste polymeric material typically compris- 
es a wide variety of thermoplastic material generated 
during the manufacture cf floor coverings and generated 
:n the disposal of used floor coverings Typical thermo- 
plastic materials that may be present include aliphatic 
polyamides, pclyoletins (e g.. polyethylene anc pciypro- 
pyene), polymers based on vinyl monomers (e.g.. vinyl 
chloride and vinyl esters sucn as vtnyl acetate), poly- 
mers based cn acrylic monomers (e.g., acrylic acid, me- 
thy; acrync acic. esters or these acids, and acryicnitnle). 
and blends and copolymers thereof The aliphatic polya- 
mides that are present in the material 15 range m the 
amount of about 0 to 40 percent of the total amount of 
material 15. The alipnatic polyamides add stability to the 
resuitmg recycled material 66. such that the aliphatic 
poiyamtdes increase the tear resistance and breaking 
strength and cecraase the elongation and shrinkage of 
the resulting recycled material 65. The term 'aliphatic 
poiyamide polymer" used herein and throughout the 
specification may -nciude, but is not 'united 'o 'ong- 
chain oolymenc or copolymers amiae wnicn has recur- 
nng amde groups as an ntegral part cf ;he mam ociy- 
mer or copolymer chain, which may oe m the form of a 
fiber Examples of aliphatic ooiyamides can rciude ny- 
; on 5 or pciy ( o>caprclactam), nylon 66 or pcly 'hexan- 
ctnylcnodiammeadipic acid) amac poiy (hexameihyl- 
Gnodiamme-sebacic acid) amide or nylcn 610: ara the 
ike "he mixture that is usee to produce the 'esuiting 
recycled layer 34 made from the resulting recycled ma- 



terial 56, as shown in F'gurc 2 s designed to produce 
an article of manufacture 70 and 90 that have flexible 
properties such that the articles 70 and 30 can be rolled 
at room temperature and at eclcer temperatures 
5 The chopper 20 is any conventional cnopper that 

coarsely chops the waste polymer material into 1 9 to 25 
mm (% :o 1 incn) in wiath portions. A su'tao.e enepper 
is Model CT-50 available from F>eret, Inc The chopped 
mixture 26a is transported lor example v/a conveyor 
io belts 25 and 25 to a metal removal station 30, such as 
a magnet Most foreign metal objects are oetectea and 
removed so as to avoid damaging the equipment The 
chopped mixture 26a, free of most metal is transported 
via conveyer pelt 26 tc a granulate: into fragments at 
75 least an order of magnitude smaller than the original size 
cf waste polymeric material Typically this is aoout 10 
mm (3/9 inch) and smaller A suitable granulatcr is Mod- 
el 24-i available from Cumberland Company 

The granulated mixture 40a is transported to a cen- 
20 sifier 41 . The densifier 4i s designee to heat. men. and 
form or compact souc smaller pieces of the granulated 
mixture 40a such that the extruder 50 can produce a 
more uniform biend of the -esuiting recycled material 65. 
The densifier 41 increases the density of the granulated 
2$ mixture 40a tc fcrm densified material 42 that wiil be led 
tc the extruder 50 With the use of trie densifier 41 sucn 
as a Plastcomoactcr -e 'etizer Mccel No CV50 man- 
ufactured by H E BBOLD ZE RKLE ! N E RU NG ST E C H Nl K 
GmbH, the density cf the granulated material 4Ca is r- 
20 creased such that the output of the extruder 50 is in- 
creased from aosrcxirrataiy 45^ kg ('000 lbs i oer hcur 
to aDproximately < 31 6 to 2724 kg (4 000 to 5,000 lbs ) 
per hour. The cens.fter 41 blends the granulated mate- 
rial 40a. wmcn can oe m the form of a Hurry, "brous ma- 
25 tenal with solid polymeric oarticles tc form the densihed 
material 42 which is .n the shaoeor sen i-um fcrm pellets. 
Alternatively cr n combination with the densifier 41 the 
granulated mixture 40a can oe sent via a conveyor 25 
to a cryogenic grinder (net shcwr.l that uses liquid nitro- 
-fo gen to freeze the chopped mixture 26a before the frozen 
material is grcune by the granuiator 40 to 'orm a hard 
shaped cryoground material that is fed into the extrucer 
50. The densified material 42 and/or the cn/cground ma- 
terial is transported via air ;n a conduit 43 to a Gay'crd 
-<5 leading station 45 and/cr to a siio 46 if desired, "nas 
and dust can be removed anc separated from :ne c:a! , - 
sified material 42 and/or :ne cryocround mater ai 42A 

The densified material 42 ancVci !he ciyogrcurd 
material is then conveyed to ihe extruder 50 A suit^ole 
so extruder is Mccel 57M32 or ZS'<-t 73 M * 750 1 0 

G. both available from Werner S PHeidercr The oxtrucc 
50 includes a control means 53 i'e g d mcicr gear tc* i 
and a feeder 55 that s connectee to !he s;lc 46 nnc to 
acditional feedirg tubes f or accepting d::"e'oni — atcr- 
-« als Control means 53 is crcvdcc to insure tnal the ex- 
truder 50 and tceder 55 act cooperatively 'o m.--i intern -i 
ccrstanr feec ccndition throughout :nc convoying /one 
to a zone ccmoris.rg one er mere .-^ncacing /ones mot 
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shown) The fed materials then pass through an extrud- 
er barrel 57 including a degassing zene and then 
through a pumping zene which fcrces The same through 
a die 55 The pumping zone functions to develop suffi- 
cient througn-out without creating intolerable back pres- 
sures and torque in the preceding zones or on the thrust 
bearings ot The extruder 50 The extruder is operated at 
a temperature selected to not exceed the temperature 
at which the largest portion of polymer based vinyl mon- 
omers and blends and copolymers Thereof waste mate- 
rial decompose which is about 200'C (390°F to 400°F). 
Typically, the extruder 50 is operated such that a melt 
temperature of t82 a C to 193"C (360 a F to 380'F) is 
maintained as the extruded blend 59 exits the die 53 
The extruded blend 59 can pass through a metal detec- 
tor 60 before oemg transported to a calender 61, and 
then cooled at a cooling station 63 The cooled extruded 
blend 59 may be accumulated by an accumulator 65 
with the resulting recycled material 66 then being rolled 
uo at a collection station 57. The resulting recycled ma- 
terial 66 can be calendered to form a backing layer for 
a floor covering that is flexible and can be rolled or easily 
handled or moved. 

Accordingly exemplary articles of manufacture in- 
clude secondary backings lor floor coverings, compo- 
nents of other ouilding material, such as sound barriers, 
roofing materials and the like. Further, the -esulting re- 
cycled material 66 can be reduced in density by the ad- 
dition of a chemical blowing agent, which when activat- 
ed creates cavities of air Density can also be reduced 
by other means. The recucticn in density resets ;n the 
resulting recycled material 56 to have cushioned prop- 
erties .vhicn are known to improve the performance and 
handling of an article of manufacturing, sucn as a *loor 
covering utilizing the reduced density resulting recycled 
material 66 as a secondary backing layer 

Referrng to Figure 2. a floor covering 70 (e.g. a pile 
carpet) utilizing the article of manufacture :s illustrated. 
Tufted pile yarns 30 are looped through a primary back- 
ing 32, and extend upwardly Therefrom. The backcoat- 
ing 31 is an adhesive coating that fixes the oile yarns 30 
-n piace m the pnmary backing 32. A secondary oackmg 
34, which is made from the resulting recycled material 
66. is then achered To The primary backing 32 using the 
backcoating 31 or another adhesive. The primary oack- 
mg 32 may be formed by weaving synthetic fibers, such 
as aolyprcpyiene, polyethylene, or polyester for exam- 
pie, or may be a nonwoven construction of these fibers. 
As is conventional, '.he pile yarns 3C may be cut to form 
cut oile tufts as illustrated in Figure 2, or may lorm loops 
as snown in Figure 3. 

The bacucoating S1 may be ccmorised cl any suit- 
aole polymer compound Typically, the backcoating 31 
s comonsec of either a polymer emulsion polymeriza- 
tion product or a polymer olastisol ccmcound The oack- 
coating 31 is cured cn the textile material by heating or 
drying or m any way reacting The backcoating 3 'ocuro, 
cross r* or fuse it to the textile materai An exemplary 



emuision polymerization product mciudes a polyvmyli- 
dene cnlonce or ethylene vinyl copolymer with nt east 
one acrylic monomer Standard acrylic monomers n- 
clude, for example, acrylic acid, methyl acrylic acid, os- 

5 ters of These acids, or acryiomtnie Alternatively, :he 
backcoating 3l may comprise conventional thermoplas- 
tic polymers wmcn are applied :o the carpet by hot melt 
coating techniques known in the art 

To bond the secondary backing 3d *o the backecat- 

io mg 31 , additional heat is applied to both The secondary 
backing 84 and the backcoating 81 before pressmq the 
two layers together The secondary caching 34 is con- 
tacted with the backcoating 31 The temperature is suf- 
ficient to partially men the contacting surrace of the sec- 

'5 endary backing 34*here0y bonding the secondary bacK- 
ing 84 tc the backcoating 31 'ormmq an integral struc- 
ture, such as described in U S Patent Ncs 3.550.284 
and 3 595,987 to Wisctzky, the disclosures of which are 
incorporated herein oy reference in their entirety 

20 A second embodiment ot a fleer covering utilizing 
the resulting recycled material 56 is shewn m Figure 3 
A floor covering 9G. wnich may be formed >n The shape 
of a tile, is shewn having lecped pile yarns 30 lecped 
through a primary backing 91 and extending upwardly 

25 therefrom A backcoating 92. -/which is an adhesive coat- 
ing, is used to fix The pile yarns SO in place in the primary 
backing 9 1 . A slaoihzing reinforcement layer 95 and a 
fusion coat or piastisoi adhesive layer 96 are located be- 
tween the primary oackmg 91 and a secondary oackmg 

30 94. The secencary backing 94 can be made from the 
resulting recycled material 55 The fusion ccat or cias- 
tiscl adhesive layer 96 and the secondary backing 94 
are heated before oemg oressed together To term The 
floor covering 90. Achered onto The bottom surface of 

35 the secondary backing 94 5 an aqueous, pressure sen- 
sitive oleophooic adhesive layer 97, as set 'orth m U S 
Patent No 4,549.267 for a Foam Sacked Carpet with 
Adhesive Surface and Method of Installing Same, the 
disclosure of wmcn ,s incorporated nsrem by reference 

■*o in its entirety A releasable rover 93 is removaoiy at- 
tached to The cleoonobic adhesive layer 97 The oleo- 
phooic adhesive layer 97 is used to encapsulate any rib- 
erglass on the surface of The secondary backing 94 
The clecpnooic adhesive layet 97 also accelerates 

-»5 ecumbrium 0! mcisturg regain n The hydrcpr 'iiic com- 
ponents of The secondary material 34 'he extrusion 
process and/or the heating process r esults n a near 
bona dry condition of the nydrcphilic components The 
oleoonobic adhesive layer 97 reintroduces moisture n:o 

50 the resulting recycled material 55, wmcn s row ire sec- 
ondary backing 94 The forced drymg of '.he ciecphobic 
achesive layer 97 once apoheo to the secondary back- 
ing 94 additionally improves :he r csullirg sldon ty cf :he 
floor coverings 7C and 9C T he floor coverings 70 -:nd 
5-5 go can oe formed n :he an.-ipe cf -1 Mlc 

A third omoccime.ni met snown) cf ■ ""ocr ceverg 
utilizing the res- t rg -ocyded maic'iai 55 ,vc;>.d bo s.m- 
ilar To Thai shewn n -iguro 2 oxcoot t,n 'he ; aycr 3 5 
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could be made directly from :he resulting recycled ma- 
terial 56. This makes layer 96 now become the second- 
ary backing layer and aliminates the need to have the 
backing iayer 94. As previously discussed, the cleopho- 
bic adhesive layer 97, which would be placed against 
the layer 96, accelerates the equilibrium of moisture 
gam in the hydropniitic components of the resulting re- 
cycled material 66, which now is the layer 96 

Additionally, some carpet remnants especially car- 
pet tiles contain fiberglass reinforcement material. In re- 
cycling the carpet remnants and/or carpet tiles as scraps 
15. the fiberglass, througn the above-mentioned chop- 
ping and grinding process, is reduced to small pieces. 
The round, snort, cylindrical pteces of fiberglass may 
plate out onto the surface allowing the possibility for re- 
lease when handling the resulting recycled matenal 56. 
The oleophobic adhesive layer 97 encapsulates these 
fibers. 

The above-described process and the article utiliz- 
ing 'he same provides tor a process for recycling waste 
polymeric matenal that can include from 0 to 40% 
aliphatic polyamide material and vinyl monomer and co- 
polymer components, granulating and densifymg the 
chopped mixture into pelletized fragments for extruding 
the densified ground mixture at a melt temperature 
range of approximately '32° to 193°C [360" to 380' F). 
Articles, such as floor coverings, can be made utilizing 
the recycled article of manufacture. 

It ,s :o be understood that while certain forms c; this 
invention have been illustrated and described, the in- 
vention is not limited thereto, exceot insofar as such lim- 
itations are included in the following claims. 



Claims 

1. A process for recycling waste polymeric material 
(15), the process comprising the steps of: 

a. chopping (20) a mixture of waste polymeric 
matenal (15) wnerein the waste polymenc ma- 
terial ( 1 5) has about Q-4C% aliphatic polyamide 
material; 

b. granulating the chopped mixture (26a) into 
fragments that are smaller than the original size 
cf the waste polymeric material (15). 

c. densifymg (4i ) the granulated mixture into 
pelletized material (42), 

d. extrudmg <50) the pelletized matenai (15); 
and 

e forming (51) the extruded malerial (50) to 
provide an article of manufacture (56, 70, 901 

2. A srccess according to claim i wherein extrusion 
(5C) of the oeiletized material (42) takes place at a 
temperature of less than 204°C (4CCF} 

3. A process according to claim 1 or 2 wherein extru- 



sion (50) of the pelletized material (42) takes olace- 
at a temperature that does nci exceed the temper- 
ature at which the major portion of the polymer 
waste .material (i 5) decomposes 

5 

4. A process according to any preceding claim wnere- 
in the cnoppmg step (20) comprises coarsely encp- 
pmg the mixture. 

to 5. A process according to any preceding claim where- 
in the granulating step comprises granulating the 
chooped mixture (26a) into fragments at least an 
order of magnitude smaller than the original size of 
the waste polymenc material ('5) 

1$ 

6. A process according tc any prececing c'aim includ- 
ing the step of calendering (61 ) the extruded mate- 
rial (59) 

20 7. A process according to any prececing claim includ- 
ing the step of positioning the extruded matenai (59, 
66) so as to overlie and adhere to a oack coating 
(81 , 92) of a carpet so as to form a secondary back- 
ing ^ayer (84. 94) 

25 

8. A profess according to claim 7 wherein an oleopho- 
bic adhesive layer (97) is positioned to overlie and 
adhere to the secondary Packing layer (94). and a 
reteasable cover '98) is removably attached tc the 

30 oleoohobic adhesive layer. 

9. A process according :o claim 7 or £ including the 
steo of forming a caroet tile (70, 90) 

oS 10. A process according to any preceding claim wnere- 
in the extruded material (59) is flexible anc easy to 
handle 

11. Aprccess according to any preceding claim wnei e- 
■*o m the step of densifymg (41) the granulated mate- 
rials comprises densifymg (41) the granulated ma- 
terials to a palletized matenal (42) naving a size that 
is approximately 100 times smaller than the size of 
the waste polymeric material (15; 

45 
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